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(57) ABSTRACT

A method for performing a laser microdissection for cutting,
a dissectate from a specimen using a laser includes the step
of providing the specimen 1n a light path of an 1llumination
system. The specimen 1s 1lluminated by the illumination
system. A detector detects light emanating from the speci-
men. The light detected by the detector 1s analyzed. It 1s
determined, based on the analysis of the light detected by the
detector, whether a receptacle for collecting the dissectate 1s
disposed 1n a predetermined collection position, at which the
dissectate 1s to be collected 1n the receptacle after 1t 1s cut
from the specimen. Laser cutting of the dissectate from the
specimen 1s mitiated based on 1t having been determined that

the receptacle 1s 1n the predetermined collection position.
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LASER MICRODISSECTION METHOD AND
LASER MICRODISSECTION SYSTEMS

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application 1s a U.S. National Stage Application
under 35 U.S.C. § 371 of International Application No.

PCT/EP2017/065788 filed on Jun. 27, 2017, and claims
benefit to German Patent Application No. DE 10 2016 111
938.5 filed on Jun. 29, 2016. The International Application
was published in German on Jan. 4, 2018, as WO 2018/
002011 Al under PCT Article 21(2).

FIELD

The present invention relates to a method for performing,
a laser microdissection for cutting a dissectate from a
specimen using a laser, and a laser microdissection system
for a performing laser microdissection.

BACKGROUND

In the fields of biology and medicine, laser microdissec-
tion refers to a method by which a particular portion of a
specimen (e.g., mdividual cells, cell clusters, or a tissue
section)—a so-called dissectate—is cut from the specimen
using a focused laser beam. For this purpose, the specimen
can be provided on a planar support—ior example, a glass
specimen support or a polymer film. In typical arrange-
ments, the dissectate falls, after it 1s cut from the specimen,
in a downward direction into a receptacle under gravity.
After the cut, the dissectate 1s available for further biological
or medical (for example, histological) examinations.

SUMMARY

In an embodiment, the present invention provides a
method for performing a laser microdissection for cutting a
dissectate from a specimen using a laser. The specimen 1s
provided in a light path of an illumination system. The
specimen 1s 1lluminated by the 1llumination system. A detec-
tor detects light emanating from the specimen. The light
detected by the detector 1s analyzed. It 1s determined, based
on the analysis of the light detected by the detector, whether
a receptacle for collecting the dissectate 1s disposed 1n a
predetermined collection position, at which the dissectate 1s
to be collected 1n the receptacle after 1t 1s cut from the
specimen. Laser cutting of the dissectate from the specimen
1s 1mitiated based on 1t having been determined that the
receptacle 1s in the predetermined collection position.

BRIEF DESCRIPTION OF THE DRAWINGS

The present imnvention will be described i even greater
detail below based on the exemplary figures. The invention
1s not limited to the exemplary embodiments. All features
described and/or illustrated herein can be used alone or
combined in different combinations 1n embodiments of the
invention. The features and advantages of various embodi-
ments of the present invention will become apparent by
reading the following detailed description with reference to
the attached drawings which illustrate the following:

FIG. 1 schematically shows a preferred embodiment of a
laser microdissection system according to the invention that
1s designed to implement a preferred embodiment of a
method according to the invention;
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FIG. 2 schematically shows a preferred embodiment of a
method according to the mnvention as a block diagram; and
FIGS. 3aq and 3b6 schematically show elements of a
preferred embodiment of a laser microdissection system
according to the invention designed to implement a pre-
terred embodiment of a method according to the invention.

DETAILED DESCRIPTION

It 1s recognized 1n the invention that, 1f a receptacle 1s not
provided 1n the laser microdissection system at the position
where the dissectate falls, e.g., because a user has forgotten
to provide the vessel before the start of the cutting process,
the dissectate will probably be lost. Embodiments of the
present invention improve laser microdissection systems
and laser microdissection methods so that this disadvantage
can be prevented.

Embodiments of the invention provide a method for
performing a laser microdissection for cutting a dissectate
from a specimen using a laser, and a laser microdissection
system for performing a laser microdissection.

The method according to an embodiment of the invention
comprises the steps of providing the specimen 1n a light path
of an illumination system; illuminating the specimen by
means of the illumination system; by means of a detector,
detecting light emanating from the sample; analyzing the
light detected by the detector; on the basis of the analysis,
determining whether a receptacle for collecting the dissec-
tate 1s provided at a predetermined collection position, in
which the dissectate 1s collected in the receptacle after 1t 1s
cut from the specimen; and mitiating laser cutting of the
dissectate from the specimen only when it 1s determined that
the receptacle 1s 1n the predetermined collection position.
Light emanating ifrom the specimen may, in particular, be
light that 1s transmitted through the specimen, and/or light
that 1s retlected by the specimen, and/or light that is re-
emitted by the specimen.

An embodiment of the imnvention consequently makes 1t
possible to determine reliably, easily, and automatically
whether a receptacle 1s provided 1n the collection position of
the laser microdissection system. As long as no receptacle 1s
detected, the laser cutting process 1s not started. Accord-
ingly, the laser cutting process can be prevented from being
inadvertently started without providing a receptacle in the
collection position, and, consequently, the dissectate cut
from the specimen from being lost. According to an embodi-
ment of the invention, the corresponding laser microdissec-
tion system automatically checks whether a receptacle 1s
provided in the collection position, without additional effort
by the user.

The determination and analysis are, 1n particular, carried
out by a control unit of the laser microdissection system,
which, usefully, also controls the laser. Determination can
thus easily be integrated into the regular control of the
microdissection process. By means of this control unit, a
desired part of the specimen to be cut as the dissectate can
be selected, in particular, by a user. In particular, the control
unit can also be designed to determine parameters by which
the laser 1s controlled in order to cut the dissectate from the
specimen.

The illumination system 1s, expediently, a part of a
microscope—in particular, a transmitted-light microscope
and/or an incident-light microscope. By means of such a
microscope, an enlarged image of the specimen, or a portion
ol interest from the specimen, can be determined. In par-
ticular, the user selects the desired portion of the specimen
to be cut as the dissectate by using such an enlarged image.
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In particular, the predetermined collection position in
which the receptacle 1s provided is arranged 1n the light path
of the 1llumination system. When the receptacle 1s arranged
in this predetermined collection position, the light detected
by the detector 1s therefore influenced 1n a particular way by
the receptacle, or the light acts upon the receptacle. This
change 1n light properties 1s characteristic, for example, of
the specific type of receptacle, illumination, and/or contrast
method. Consequently, the light detected by the detector can
be used for determining whether the receptacle 1s provided
in the collection position. In the course of such a determi-
nation, the detected light 1s therefore usefully analyzed with
regard to this change 1n the light characteristics caused by
the receptacle.

After the receptacle 1s provided i1n the light path of the
illumination system, the detected light 1s, for example, 1n
particular, less bright or brighter, and/or has a lower nten-
sity, and/or 1s no longer focused on the detector. A change 1n
the frequency spectrum may also be observed. Thus, by
specifically searching for any of these features or diflerences
in the detected light, 1t can be eflectively determined
whether the receptacle has been provided in the collection
position.

The specimen 1s preferably 1lluminated by the 1llumina-
tion system 1n the course of a transmitted-light 1llumination
and/or an incident-light i1llumination. The specimen 1s, 1n
particular, i1lluminated from below (with respect to the
detector) by means of transmitted-light 1llumination. Light
transmitted through the specimen 1s, advantageously,
detected by the detector.

In the course of the incident-light i1llumination, the speci-
men 1s, expediently, 1lluminated from the top or above. For
example, the specimen may reflect a portion of the 1llumi-
nation light and/or may be excited by the i1llumination light
so that the specimen re-emits light. This retlected or re-
emitted light 1s preferably detected by the detector.

In an advantageous embodiment, the analysis comprises a
comparison of the light detected by the detector in a first
mode, 1n which it 1s known that no receptacle 1s provided in
the predetermined collection position, with light that 1s
detected by the detector in a second mode, in which 1t 1s
assumed or presupposed that a receptacle 1s provided 1n the
predetermined collection position.

Preferably, the laser microdissection process of the inven-
tion 1s carried out as follows: In a first mode, the specimen
1s, 1mnitially, provided in the light path of the 1llumination
system. The specimen i1s 1lluminated by means of the illu-
mination system. Light transmitted through the specimen (in
the case of transmitted-light 1llumination) and/or light emait-
ted by the specimen (in the case of incident-light 1llumina-
tion) 1s detected by means of the detector. Usefully, a
receptacle 1s not yet provided, 1n order to eflectively illu-
minate the specimen. The user, expediently, selects a desired
portion of the specimen to be cut as a dissectate.

Then, the receptacle 1s arranged manually or automati-
cally in the predetermined collection position in the light
path of the illumination system.

In a second mode, light 1s detected by the detector.
Whether the receptacle has actually been provided in the
collection position 1s then determined by comparing the light
detected 1n the second mode with the light detected in the
first mode.

As explained above, by providing the receptacle in the
light path of the illumination system, the detected light 1s
influenced in a specific way so that changes in specific
features can be determined, e.g., a change in brightness,
frequency, etc. Specific features can be determined 1n, for
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example, the course of a calibration process or learning
process. This calibration process can, for example, be per-
formed 1n the course of a manufacturing process of the
corresponding laser microdissection system or of the par-
ticular receptacles. In the course of the calibration process,
the receptacle can, in particular, be examined, and a par-
ticular feature of the detected light can be precisely deter-
mined.

In a preferred embodiment, the determination as to
whether the receptacle 1s provided in the predetermined
collection position 1s based upon a detection of a diflerence
in the brightness of the light detected by the detector, which
1s caused because the receptacle 1s provided 1n the light path
of the 1llumination system. Preferably, when this difference
in brightness 1s detected, 1t 1s determined that the receptacle
1s provided in the predetermined collection position. Bright-
ness 1s a preferred example of a particular feature that
changes by providing the receptacle 1n the light path of the
illumination system.

In the case of transmitted-light 1llumination, the bright-
ness of the detected light 1s reduced, in particular, by a
specific value when the receptacle 1s provided in the light
path of the transmitted-light 1llumination system, since the
receptacle, in particular, does not consist of a completely
transparent material, such as a plastic material. Conse-
quently, the light emanating from the specimen 1s reduced.

In the case of incident-light 1llumination, the brightness of
the detected light 1s increased, in particular, when the
receptacle 1s provided 1n the light path of the mcident-light
illumination system, since the receptacle, expediently,
reflects light and/or re-emits light, e.g., due to autofluores-
cence. A portion of the light from the illumination system
may, for example, be transmitted through the specimen and
may contact the receptacle. A portion of this light can be
reflected by the receptacle 1 the direction of the specimen,
can be transmitted through the specimen, and can be
detected by the detector. This light also emanates from the
specimen, whereby all of the light emanating from the
specimen 1s, consequently, increased.

It 1s possible for the control unit to automatically analyze
the detected light for differences 1n brightness, 1n order to set
an 1llumination time for the corresponding detector—ior
example, during a cutting process.

Another embodiment of the mvention provides a laser
microdissection system for performing a laser microdissec-
tion with a laser that 1s designed to cut a dissectate from a
specimen; an illumination system that 1s designed to emit
light along a light path; a detector that 1s designed to detect
light, emanating from the specimen, which is provided 1n the
light path of the i1llumination system; and a control unait,
which 1s designed to perform an analysis of the light
detected by the detector, 1s designed to determine, based
upon the analysis, whether a receptacle 1s provided for
collecting the dissectate 1n a predetermined collection posi-
tion, 1n which the dissectate 1s collected 1n the receptacle
after 1t 1s cut from the specimen, and 1s designed to 1nitiate
laser cutting of the dissectate from the specimen only once
it 1s determined that the receptacle 1s located 1n the prede-
termined collection position.

The laser microdissection system according to an embodi-
ment of the mvention 1s, 1n particular, designed to carry out
the method according to one of the embodiments of the
invention.

Analogously to the above description of the method
according to different embodiments of the invention, this
laser microdissection system according to different embodi-
ments of the mvention makes 1t possible to easily and
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automatically determine whether a receptacle 1s provided 1n
the predetermined collection position. The control unit 1s, 1n
particular, further designed to control the laser and the
cutting process. The determination can thus be easily incor-
porated into the regular control of the microdissection
process. The 1llumination system 1s preferably a transmitted-
light 1llumination system and/or an incident-light 1llumina-
tion system.

According to a preferred embodiment, the control unit 1s
turther designed, in the course of the analysis, to compare
light that 1s detected by the detector 1n a first mode, 1n which
it 1s known that no receptacle 1s provided 1n the predeter-
mined collection position, with light that 1s detected by the
detector 1n a second mode, 1n which 1t 1s presupposed that a
receptacle 1s provided in the predetermined collection posi-
tion.

According to an advantageous embodiment, the control
unit 1s further designed to determine whether the receptacle
1s provided in the predetermined collection position, based
upon a detection of a reduction 1n the brightness of the light
detected by the detector, which 1s caused because the recep-
tacle 1s provided 1n the light path of the illumination system.

It should be noted that the features mentioned above and
the features to be described further below are useful, not
only 1n the respective combination given, but also 1 addi-
tional combinations or alone, without departing from the
scope of protection of the present invention.

FIG. 1 schematically shows a preferred embodiment of a
laser microdissection system 100 according to the invention
designed to implement a preferred embodiment of a method
according to the mvention.

The laser microdissection system 100 1s designed to
perform a laser microdissection for cutting a dissectate using,
a laser 22 from a specimen 4 1n the course of a cutting
process. The specimen 4 1s placed on a lower surface of
specimen holder 3, for example. The laser microdissection
system 100 comprises an x-y table 2 which can be moved by
a motor. The specimen holder 3 and, consequently, the
specimen 4 can be arranged on this x-y table 2.

The laser microdissection system 100 further comprises
an illumination system 5 in the form of a transmitted-light
i1llumination system and an 1llumination system 7 1n the form
of an incident-light 1llumination system. The illumination
systems 3 and 7 are designed to emit light from a transmit-
ted-light source 5a or an incident-light source 7a along a
light path 10a or 105. Thus, when the specimen holder 3
containing the specimen 4 1s arranged on the x-y table 2, the
specimen 4 1s consequently provided 1n the light paths 10qa
and 106 of the illumination systems 5 and 7.

The specimen 4 can the illuminated by means of the
transmitted-light 1llumination system 5 and/or by means of
the incident-light i1llumination system 7. Light emanating,
from the specimen 4 1s detected by means of a detector 17.
In the case of transmitted-light 1llumination, light transmiait-
ted through the specimen 4 1s detected, in particular, by
means of the detector 17. In case of incident-light 1llumi-
nation, light reflected and/or re-emitted by the specimen 4 1s
detected by means of the detector 17. The illumination
systems 3 and 7 can be a part of a microscope 1, which can
be constructed, in particular, as a transmitted-light and/or
incident-light microscope. By means of this microscope 1,
an enlarged i1mage of the specimen 4 or a part of the
specimen 4 can be generated, detected by the detector 17,
and output to the user on a monitor 18.

The transmitted-light illumination system 5 1s, for
example, arranged on a microscope stand 8 under the x-y
table 2, and thus arranged below the specimen 4. The
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incident-light illumination system 7 may be arranged above
the x-y table 2, and thus above the specimen 4. The
microscope 1 comprises at least one objective 9, which 1s
arranged above the x-y table 2, and consequently above the
specimen 4. The objective 9 defines an optical axis that 1s
aligned with the optical axis of the transmitted-light 1llumi-
nation system 3 and of the incident-light 1llumination system
7.

Light emitted by the transmitted-light 1llumination system
5 1s directed from below a condenser 11 toward the specimen
holder 3, which 1s arranged on the x-y table 2, with the
specimen 4. The light penetrating the specimen 4 passes
through the objective 9 of the microscope 1. Within the
microscope, the light 1s directed to an eyepiece 20 via lenses
and mirrors and/or prisms.

Light emitted from the light source 7a of the incident-
light 1llumination system 7 1s guided 1nto an optical system
12 by means of a first beam splitter 13a, ¢.g., a dichromatic
splitter. By means of a second beam splitter 135, e.g., also
a dichromatic splitter, the light 1s coupled from the 1llumi-
nation system 7 into the light path of the microscope 1, n
order to illuminate specimen 4 from above.

The detector 17 1s connected to the microscope 1 and a
control unit 6. By means of this control unit 6, the enlarged
image of the specimen or part of the specimen 1s displayed
on the monitor 18.

Via this momitor 18, which, for example, can be provided
as a touchscreen, the user can select a desired portion of the
specimen 4 that 1s to be cut as a dissectate in the course of
the cutting process. The control unit 6 can, accordingly,
control the laser 22 so as to cut this desired part of the
specimen.

In order to receive a dissectate after 1t has been cut from
the specimen 4, a receptacle 19 1s provided 1n a predeter-
mined collection position on the x-y table 2 below the
specimen holder 3, and thus below the specimen 4. When the
dissectate of the specimen 1s removed and falls 1n a down-
ward direction under gravity, 1t 1s collected 1n the receptacle
19 1n the predetermined collection position.

If the cutting process 1s performed in the predetermined
collection position without the receptacle 19, the dissectate
1s very likely to be lost. Therefore, the laser microdissection
system 100—in particular, the control unit 6—1s designed to
implement a preferred embodiment of a method according to
the invention—ior example, by running corresponding soft-
ware. As a result, the cutting process 1s mitiated only when
the receptacle 19 1s detected as being provided in the
predetermined collection position, as explained below with
reference to FIG. 2 and FIG. 3.

When the cutting process 1s initiated, a laser beam 21 1s
emitted from the laser 22, which, for example, may be a UV
laser 22. By means of the first beam splitter 134, the laser
beam 21 1s guided into the optical system 12, which com-
prises optical elements 14, 15, and 16.

An aperture unit 14 may, for example, comprise an 1ris
diaphragm, or a selection from a number of different aper-
tures. A focusing umt 15 can be used to compensate for
different focal point positions in a different spectral range.
The focusing unit 15 may also be used to select a particular
focal point position or a continuous variation of the focal
point position of the laser focal point during the cutting
operation. The angular position of a damper unit 16 may be
changed, and the damping based upon the principle of
interference. The laser beam 21 1s coupled into the light path
10a of the microscope 1 via the beam splitter 135.

The position and/or the size of the aperture unit 14, the
focusing unit 15, and the damper unit 16 can be changed by
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control signals from the control unit 6. Consequently, the
control unit 6 can influence the laser beam 21, 1n order to
accurately cut the dissectate from the specimen 4. The
specimen 4 1s, 1n particular, cut with the aid of individual
laser pulses. For this purpose, the control unit 6 can syn-
chronize the laser pulses to the changes in the optical
clements 14, 15, and 16 and the movements of the x-y table
2. The last laser pulse of the cutting process may, for
example, be a pulse with a relatively wide aperture of the
laser beam 21, 1n order to cut the last part of the cutting line
and separate the dissectate from the specimen 4, which then
talls downwards 1n the direction of the receptacle 19. After
the dissectate 1s cut from the specimen 4, 1t 1s collected in the
receptacle 19 in the predetermined collection position.

FIG. 2 schematically shows a preferred embodiment of a
method according to the invention as a block diagram.

In step 201, the specimen 4 1s provided in the light path
10a of the 111um1nat1011 system 3 or in the light path 106 of
the incident-light 1llumination system 7. For this purpose,
the specimen holder 3 1s arranged on the x-y table 2.

In step 202, the illumination system 5 is activated. The
specimen 4 1s, consequently, 1lluminated by means of the
1llumination system 5, and light transmitted through the
specimen 4 1s detected by means of the detector 17. A
correspondingly enlarged 1image of the specimen 4 1s output
to the user on the monitor 18.

Alternatively or additionally, the illumination system 7
can be activated. The specimen 4 retlects part of the light
from the 1llumination 7. Moreover, the specimen 4 can be
excited by part of the light and can re-emit light 1tself. The
reflected and re-emitted light 1s detected by means of the
detector 17.

In step 203, the user selects the desired part of the
specimen 4 to be cut as the dissectate 1n the course of the
cutting process.

Light detected by means of the detector 17 during these
steps 202 and 203 1s detected 1n a first mode, 1n which it 1s
known that no receptacle 1s provided in the predetermined
collection position. Preferably, a first brightness value of the
detected light 1s detected 1n this first mode.

After this desired part has been selected, the receptacle 19
1s arranged, automatically or manually, in the predetermined
collection position in step 204. For example, by pressing a
particular button on the touch screen 18, the collection tray
19, for example, may be automatically provided and posi-
tioned by a corresponding positioning system.

An analysis 210 1s carried out by the control unit 6. In the
course of this analysis 210, the control unit 6 analyzes the
light detected by the detector 17. Moreover, the control unit
6 carries out a determination 220 as to whether the recep-
tacle 19 1s provided 1n the predetermined collection position.
This determination 220 i1s carried out on the basis of this
analysis 210.

In the course of the analysis 210, the detected light 1s
analyzed for specific changes—preferably, for a certain or
specific difference in the brightness, which 1s caused by the
receptacle 19 being provided 1n the light path of the 1llumi-
nation system 5 or 7.

For this purpose, the light 1s detected by means of the
detector 17 1n a second mode 1n step 205, 1n which it 1s
assumed that the receptacle 19 1s provided 1n the predeter-
mined collection position. Preferably, a second brightness
value of the detected light 1s detected 1n this second mode.

In step 206, the control unit 6 compares the light detected
in the first mode with this light detected 1n the second mode.
In particular, the first brightness value 1s compared with the
second brightness value. In the course of this comparison, 1t
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1s specifically evaluated whether the brightness 1s reduced or
increased by a corresponding specific threshold value.

In the case of transmitted-light 1llumination, the bright-
ness ol the detection light 1s reduced by a corresponding
threshold value when the receptacle 19 1s provided in the
predetermined collection position 1n the light path 10a of the
illumination system 5.

The brightness 1s, usetully, increased by a corresponding,
threshold when the receptacle 19 1s provided 1n the light path
105 of the incident-light 1llumination system 7 in the pre-
determined collection position.

When the specific diflerence 1n brightness 1s detected 1n
step 206, 1t 1s therefore concluded that a receptacle 19 1s
provided 1n the predetermined collection position, and the
control umit 6 initiates the laser cutting process in step 207.
In step 208, the control unit 6 controls the cutting process
and cuts the dissectate from the specimen 4.

Some elements of the laser microdissection system
according to FIG. 1 are schematically shown 1n FIG. 3. In
this particular example from FIG. 3, the specimen 4 1s
illuminated by means of the transmitted-light 1llumination
system 5.

FIG. 3a characterizes the light detected 1n the first mode,
in which 1t 1s known that no receptacle 19 1s provided 1n the
predetermined collection position. FIG. 35 characterizes the
light detected 1n the second mode, 1n which the receptacle 19
1s provided 1n the predetermined collection position 1n the
optical path 10q of the transmitted-light 1llumination system

5.

FIG. 3a schematically shows an image 18a that can be
recorded by the detector 17 1n the first mode. The 1image 18a
can be shown on the monitor 18 to the user.

FIG. 3b schematically shows a corresponding image 185
which can be recorded by the detector 17 in the second
mode, when light transmitted through the mounted recep-
tacle 19 and through the specimen 4 1s detected. As can be
seen, the brightness of the image 185 1s less 1n comparison
to the image 18a, due to the mounted receptacle 19.

While the invention has been illustrated and described 1n
detail in the drawings and foregoing description, such 1llus-

tration and description are to be considered illustrative or
exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordi-
nary skill within the scope of the following claims. In
particular, the present invention covers further embodiments
with any combination of features from different embodi-
ments described above and below. Additionally, statements
made herein characterizing the invention refer to an embodi-
ment of the imnvention and not necessarily all embodiments.

The terms used 1n the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article *“a”
or “the” 1n introducing an element should not be interpreted
as being exclusive of a plurality of elements. Likewise, the
recitation of “or” should be interpreted as being inclusive,
such that the recitation of “A or B” 1s not exclusive of “A and
B,” unless 1t 1s clear from the context or the foregoing
description that only one of A and B 1s intended. Further, the
recitation of “at least one of A, B and C” should be
interpreted as one or more of a group of elements consisting
of A, B and C, and should not be interpreted as requiring at
least one of each of the listed elements A, B and C,
regardless of whether A, B and C are related as categories or
otherwise. Moreover, the recitation of “A, B and/or C” or “at
least one of A, B or C” should be imterpreted as including




US 11,085,855 B2

9

any singular entity from the listed elements, e.g., A, any
subset from the listed elements, e.g., A and B, or the entire
list of elements A, B and C.

LIST OF REFERENCE NUMBERS

100 Laser microdissection system

1 Microscope, transmitted-light microscope

2 x-y table

3 Specimen holder

4 Specimen

5 Illumination system, transmitted-light 1llumination system
5a Light source

6 Control unit

7 Illumination system, incident-light 1llumination system
7a Light source

8 Microscope stand

9 Objective
10a Light path
106 Light path
11 Condenser
12 Optical system

13a Beam splitter

136 Beam splitter

13¢ Beam splitter

14 Aperture unit

15 Focusing unit

16 Damper unit

17 Detector

18 Monitor, touch screen

18a Image recorded by the detector in the first mode
186 Image recorded by the detector 1n the second mode
19 Receptacle

20 Eyepiece

21 Laser beam

22 Laser

201 through 208 Method steps

210 Analysis

220 Determination

The 1nvention claimed 1s:

1. A method for performing a laser microdissection for
cutting a dissectate from a specimen using a laser, the
method comprising:

providing the specimen 1n a light path of an 1llumination

system;

illuminating, by the illumination system, the specimen;

detecting, by a detector, light emanating from the speci-

men;
analyzing the light detected by the detector;
determining, based on the analysis of the light detected by
the detector, whether a receptacle for collecting the
dissectate 1s disposed 1 a predetermined collection
position, at which the dissectate 1s to be collected 1n the
receptacle after 1t 1s cut from the specimen; and

initiating laser cutting of the dissectate from the specimen
based on 1t having been determined that the receptacle
1s 1n the predetermined collection position,

wherein the analysis of the light detected by the detector

comprises a comparison of light that 1s detected by the
detector 1n a first mode, 1n which 1t 1s known that no
receptacle 1s provided in the predetermined collection
position, with light that 1s detected by the detector in a
second mode, in which 1t 1s assumed that a receptacle
1s provided in the predetermined collection position.

2. The method according to claim 1, wherein the deter-
mination as to whether the receptacle 1s provided in the
predetermined collection position 1s based upon a detection
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of a difference 1n brightness of the light detected by the
detector, which 1s caused by the receptacle being disposed 1n

the light path of the i1llumination system.

3. The method according to claim 1, wherein the specimen
1s 1lluminated by the 1llumination system 1n the course of a
transmitted-light 1llumination and/or an incident-light illu-
mination.

4. A laser microdissection system for performing a laser
microdissection, comprising:
a laser configured to cut a dissectate from a specimen;

an 1llumination system configured to emit light along a

light path;

a detector disposed 1n the light path of the of the 1llumi-
nation system and configured to detect light emanating

from the specimen; and

a controller configured to:

perform an analysis of the light detected by the detec-
tor;

determine, based on the analysis of the light detected by
the detector, whether a receptacle for collecting the
dissectate 1s provided 1n a predetermined collection
position, at which the dissectate 1s collected in the
receptacle after it 1s cut from the specimen; and

initiate laser cutting of the dissectate from the specimen
based on 1t having been determined that the recep-
tacle 1s 1n the predetermined collection position,

wherein the controller 1s configured to perform the
analysis of the light detected by the detector by
comparing light that 1s detected by the detector 1n a
first mode, 1n which 1t 1s known that no receptacle 1s
provided 1n the predetermined collection position,
with light that 1s detected by the detector 1n a second
mode, 1 which it 1s assumed that a receptacle is
provided in the predetermined collection position.

5. The laser microdissection system according to claim 4,
wherein the controller 1s configured to determine whether
the receptacle 1s provided 1n the predetermined collection
position based upon a detection of a reduction 1n brightness
of the light detected by the detector, which 1s caused by the
receptacle being disposed 1n the light path of the 1llumina-
tion system.

6. The laser microdissection system according to claim 4,
wherein the illumination system has a transmaitted-light
illumination system or an incident-light 1llumination system.

7. A method for performing a laser microdissection for
cutting a dissectate from a specimen using a laser, the
method comprising:

providing the specimen 1n a light path of an 1llumination
system;

illuminating, by the 1llumination system, the specimen;

detecting, by a detector, light emanating from the speci-
men;

analyzing the light detected by the detector;

determining, based on the analysis of the light detected by
the detector, whether a receptacle for collecting the
dissectate 1s disposed in a predetermined collection
position, at which the dissectate 1s to be collected 1n the
receptacle after it 1s cut from the specimen; and

initiating laser cutting of the dissectate from the specimen
based on 1t having been determined that the receptacle
1s 1n the predetermined collection position,



US 11,085,855 B2
11

wherein the determination as to whether the receptacle 1s
provided in the predetermined collection position 1is
based upon a detection of a diflerence in brightness of
the light detected by the detector, which 1s caused by
the receptacle being disposed 1n the light path of the s
illumination system.
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